INTRODUCTION
Analysis of an aquifer system containing both fresh water and salt water may be carried out based on a number of different conceptual models. The proper choice of a conceptual model and method of analysis is best determined by the aquifer system's physical controls on the behavior of interest in the study.
A complete range of numerical modeling tools are available. These include cross-sectional or three-dimensional fluid-density-dependent flow-and solutetransport simulation (e.g. Segol, et al(1975) , Voss(1984) ) allowing a dispersed interface between fresh water and salt water. Also available are sharp interface methods in cross-sectional simulation (e.g. Volker and Rushton(1982) ) or areal aquifer simulation (e.g. Finder and Page(1976) , Sa da Costa and Wilson(1979), Mercer, et al(1980) ) which account for movement of both fresh water and salt water. In addition, analytical and semi-analytical methods are available for some sharp and dispersed interface problems (e.g. Bear (-1979) , Todd(1980) ).
What is described here is an areal groundwater model, AQUIFEM-SALT which falls in the sharp interface class of methods. This model simulates head changes in and movement of only the fresh water in an aquifer system which may contain both fresh and salt water. Basically, this model is a standard areal transient groundwater flow simulator for confined or unconfined aquifers with the following generalization: the bottom of the freshwater aquifer may be either a lower confining unit or the interface between fresh water and salt water. The interface position is determined by hydrostatic equilibrium between fresh and salt water and the position and intersection of the interface with a lower or upper confining unit may change with time due to changing freshwater heads.
Although a three-dimensional-density-dependent transport model may theoretically be used to simulate any entire saltwater-freshwater aquifer system, such an exercise is most often neither practical nor worthwhile. Transport model simulation is called for only when the dispersed nature of the fresh to salt water transition zone and actual salt concentration distributons are of key interest.
In cases where actual salt concentrations are not of central importance but rather bulk fresh and salt water movements are, use of a sharp interface model is likely the most practical approach. Moreover, when the aquifer system must be studied in the areal sense, two kinds of numerical models are available. A two-fluid simulator couples an areal ground water flow model for fresh water with an areal ground water flow model for salt water allowing transient simulation of horizontal fresh and saltwater movement (Finder and Page(1976) , Mercer, et al(1980) , Sa da Costa and Wilson(1979) ). A one-fluid fresh water simulator presented here, AQUIFEM-SALT, is essentially a transient areal ground water flow simulator for the fresh water which assumes hydrostatic equilibrium in the salt water.
The two-fluid approach is somewhat more general as it allows for a time lag in movements of the freshwater-saltwater interface caused by fluid stresses on the ground water system. This model for the time lag is due to the finite amount of time it takes for the salt water to flow horizontally to or from the interface as the interface attempts to readjust to a hydrostatic equilibrium elevation.
The one-fluid approach assumes that the interface adjusts very quickly to an equilibrium position as compared to the time frame of stresses of interest and ignores any lag due to transient horizontal saltwater flow. Both one and twofluid models ignore lags due to other physical processes.
Both types of models are areal and by definition ignore any vertical inhomogeneities in the aquifer. Also, they ignore the commonly found horizontal to vertical anisotropy of hydraulic conductivity in stratified aquifers. Further, they ignore vertical flows due to recharge and partially penetrating wells.
Any of these ignored effects may, in fact, comprise significant controls on the AQUIFEM-SALT and other single fluid models may, in fact, be the most practical and effective models for areal analysis of many complex freshwater-saltwater aquifer systems. AQUIFEM-SALT is based on a clear set of assumptions which allow the freshwater-saltwater system to be treated in analysis as a "standard" areal freshwater aquifer which is simulated using a "standard" ground water model. The additional generality provided by the two-fluid models is not always advantageous in representing field data as, commonly, important complexities involving vertical flow, inhomogeneity, and anisotropy exist which no areal analysis can represent.
Moreover, given that in many cases there is a lack of areal data on the salt water portions of the aquifer, the value of introducing the additional complexity of modeling salt water dynamics with the two-fluid model is questionable as it can never be verified. 
THEORY
The mathematical model upon which AQUIFEM (Finder and Voss, 1979) is based follows: A change in freshwater head, Ah, would instantly result in a vertical move of the interface of 40Ah. Clearly, in real aquifers, the movement of salt water is impeded by the finite conductivity of the saltwater portion and some delay occurs in supplying salt water below a moving interface. Thus, after a change in head, Ah, the change in the equilibrium interface position of 40Ah would be reached only after a delay. In analogy with a phreatic aquifer, which has a delayed yield due to the presence and movement of the water table, the lens apparently exhibits another kind of delayed yield due to the presence and movement of the interface. Moreover, the period of delay in lens storage may be significant. After a stress in a real aquifer, the saltwater head at the interface achieves its constant value only after enough salt water moves about to equalize saltwater heads. On the other hand, at the water For the present set of modifications, the aquifer is assumed to consist of parts that may be either of two types, (1) a 'confined' type in which the freshwater body has a fixed known thickness and where it is always confined above and below, and (2) a 'free' type in which the freshwater may be unconfined or confined on either top or bottom.
The 'free' aquifer type may represent any of the four situations shown in Figure 1 and one type may change to another in time, depending on changes in head
The confined aquifer type, however, represents only the confined above and below situation and may never become unconfined. The 'free' type requires data for aquifer top and bottom elevations, storage coefficient, specific storage and hydraulic conductivity. The 'confined' type requires only storage coefficient and transmissivity. Note that the zero datum from which heads are measured is assumed to be at sea level, or at the hydrostatic level of the source body of salt water.
A total freshwater lens thickness is defined by allowing the aquifer bottom to be at the seawater interface at a depth 40h, unless the lens is truncated at a shallower depth by a confining layer, and by allowing the aquifer top to be the water table at elevation, h, unless the lens is truncated above by a confining layer. Thus, the variable, b, of equation (1) The total storativity may be defined for a freshwater lens which is unconfined on top and bottom by noting that a unit drop in head, Ah, releases water via three mechanisms. Water is released due to elastic storage in the entire thickness of the lens in quantity, S Ah, where S is the elastic storage coefficient. Also, water is released at the water table due to drainage in quantity, £Ah, where £ is the specific yield or porosity, assuming these quantities to be equal. These two mechanisms are included in the equation for a In the computer code, for each 'confined' element, only the transmissivity and storage coefficient are employed in the calculations. The transmissivity is assigned a constant value over each 'confined' element.
A 'free' element undergoes a series of checks on each time step to see whether the aquifer top and bottom are currently confined or unconfined.
Based on the results of these checks, the lens thickness is set according to (2) and the total lens storativity is set according to (3). The storativity given by (3) is assumed constant over each element and is based on the confining conditions and head at the center of each element. The 'free' element transmissivity is based on the product of thickness values at each node from (2) and hydraulic conductivity values specified in the input data, which may vary linearly from node to node.
This results in 'free' element transmissivities that vary linearly between the nodes.
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The confining conditions to be used for a new time step are based on projected rather than actual current heads. Projected head is the estimated value that head will take at a point in the current time step based on a linear extrapolation of the past two head values. The particular point in the present time step is given by the product of the time integration control (THETA) and the time step length.
An additional set of modifications convert the optional ground water mass balance calculation to the freshwater lens case. For 'free' elements the same parameters are adjusted as discussed above. The optional velocity calculation is unchanged for the lens case. Note that to properly employ these modifications, AQUIFEM-SALT must be used in the water- The strip was simulated with ten (1.0 mile x 1.5 mile) rectangular elements (22 nodes). In order to allow a completely unconfined lens on top and bottom for all elements, the 'free' element type was chosen for all elements and TOP and BOTTOM were set sufficiently high and low such that the lens would never intersect these boundaries. The numerical results agree with the analytical solution to five significant figures. The steady-state solution was iterative, requiring about twenty 'time steps' to converge to steady state from an initial head at all nodes of 1.0 ft, given that the specific yield is 0.1 and the time step is one year. Note that a number of time steps were employed to reach a steady state solution.
A one-step steady solution is not possible as lens problems are non-linear.
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Case 2:
Steady recharge distributed along strip. 4U f = Q
This simple test may be viewed physically as a closed tank aquifer with recharge, Q. The solution may be verified by substitution into (7) to be: In order that a node remain unconfined at the freshwaterseawater interface, ABOT must be set less than the minimum expected value of (-40h) at the node. 
